of gas must continually emerge from the companion star. This requires the star to have a radius larger than a critical value (the limit at which the white dwarf 's gravity dominates the companion star's self-gravity), which depends only on the distance between the two stellar objects and the ratio of their masses. By combining these various constraints, the authors determined that the white-dwarf mass is probably in the range of 1.0-1.4 solar masses, which is quite high compared with other systems that exhibit dwarf novae.
Perhaps Shara and colleagues' most striking observation is that the white dwarf spins with a period of 31 minutes. This is notably different from its orbital period and marks the system as an intermediate polar -a cataclysmic variable whose white dwarf does not have synchronized orbital and rotational periods. Intermediate polars have strong magnetic fields that alter the accretion flow by channelling gas towards the white dwarf 's magnetic poles (Fig. 1b) .
In general, such poles are not aligned with the white dwarf 's spin axis. Consequently, an observer would see X-ray emission from the impact regions at the object's poles as it spins 14 . The authors have demonstrated that cataclysmic variables can quickly recover a high rate of mass transfer after a classical nova. How novae affect the long-term development of cataclysmic variables and how much of the accreted gas is expelled by the explosion can be understood only by discovering systems that are in temporary retirement. Shara 
ike humans, bacteria and archaea are frequently invaded by viruses. These prokaryotic organisms therefore have an adaptive immune system, known as CRISPR-Cas. In humans, detection of viral RNA by cells leads to the production of small molecules called secondary messengers, which act as a sign of infection and trigger the immune response. Until now, no such strategy had been identified in prokaryotes, but a paper in Nature 1 (page 543) and one published in Science 2 describe just such a mechanism. The studies reveal that detection of invader RNA by type III CRISPR-Cas systems results in the production of secondary messengers called cyclic oligo adenylates. These molecules activate a nuclease enzyme that degrades the invader transcripts, thereby boosting immunity.
When a virus first invades a prokaryote, a piece of its DNA is isolated and stored by CRISPR-Cas systems, allowing subsequent recognition if the same virus invades again. These systems are extremely diverse, and many organisms contain several different types, to ensure robust immunity. Type III CRISPR-Cas systems act in a transcription-dependent manner 3 . When the viral DNA is transcribed, the transcript is recognized by an RNA-protein complex called an interference complex, which contains a CRISPR RNA guide produced from the stored viral DNA sequence.
The interference complex contains three catalytic domains: a DNA nuclease domain, an RNA nuclease domain and a Palm domain. When the complex identifies the invader transcript, its two nuclease domains become activated. The DNA nuclease domain then nonspecifically degrades invader DNA, and the RNA nuclease domain cleaves the invader RNA sequence specified by the RNA guide. The Palm domain is also required for immunity 4 , but the details of this are unclear. Type III immunity also relies on a standalone nuclease called Csm6, which slows infection 5 by nonspecifically degrading viral RNA, giving the interference complex time to degrade the viral DNA. Csm6, like the inter ference complex, contains a domain whose function has yet to be defined -the CARF domain. How the nuclease activity of Csm6 is linked to invader recognition by the
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The case of the mysterious messenger
Bacteria and archaea use an adaptive immune system called CRISPR-Cas to combat viral infection. The identification of a family of molecules that play a key part in this system deepens our understanding of such immunity. See Article p.543 Where does this secondary messenger, which has not previously been seen in prokaryotes, come from? Because Csm6 is part of the type III CRISPR-Cas immune response, Niewoehner et al. reasoned that the type III interference complex was probably a culprit. Indeed, they found that, when the interference complex binds viral transcripts, its Palm domain generates tetra adenylate and related molecules, collectively called oligoadenylates, from molecules of ATP. Further sleuthing revealed that oligo adenylates made by the Palm domain were not linear but ring-shaped molecules, and that these cyclic oligo adenylates were more potent activators of Csm6 than were linear oligoadenylates (Fig. 1) .
Kazlauskiene et al. worked in the opposite direction, starting with the observation 8 that the Palm domain can accommodate two molecules of ATP. The authors therefore asked whether the interference complex has ATP-dependent activity. They discovered that the type III interference complex in the bacterium Streptococcus thermophilus converts ATP to an unknown product when invader RNA is identified. The source of this activity was the complex's Palm domain. But what was the mystery product? Using a combination of techniques, the researchers found that it was a mixture of cyclic oligoadenylates -predominantly cyclic tri adenylate. They went on to show that these ring-shaped molecules bind to the CARF domain of Csm6, activating the enzyme such that it nonspecifically destroys viral RNA (Fig. 1) .
In discovering a previously unknown family of secondary messenger molecules, these two studies may have created a new research field. The generation of secondary messengers allows biological systems to modulate the activity of downstream proteins in signalling pathways. It is therefore possible that cyclic oligoadenylates regulate the activity of other proteins that contain CARF domains -for example, certain transcription factors 9 -in addition to Csm6. They may even be secreted and used as a means of communication between cells, perhaps warning neighbouring cells of infection. There is precedent for this in human immunity, in which the cyclic di nucleotide molecule cGAMP is produced following recognition of viral DNA and secreted to induce antiviral protein production in neighbouring cells 10 . Several questions remain regarding how cyclic oligoadenylates are regulated. For example, it is not clear how long the oligo adenylate signal lasts, whether it is reversible, and if so, how. It remains to be seen whether this signalling mechanism is unique to CRISPRCas systems, or whether other bacterial pathways use the same secondary messengers. Current evidence suggests that Csm6 nonspecifically degrades invader RNA, but it is possible that it also degrades host transcripts 5 . If so, it will be interesting to determine (as Kazlauskiene and colleagues point out) whether this mechanism induces dormancy that gives the cell time to destroy the invader, or induces cell death to protect the population -a strategy used in human immunity. Despite these areas of uncertainty, the current studies undoubtedly solve a major mystery in the CRISPR field. 
BIOGEOCHEMISTRY
Food for early animal evolution
A revised timeline for when algae became ecologically important among plankton in the ancient oceans reveals a link between chemical changes in those waters and the emergence of animals in marine ecosystems. See Letter p.578
ver since microorganisms first emerged, Earth and the life upon it have engaged in something of a pas de deux. Seldom during this long history have the dance's tempo and the dramatic heights of the jeté leaps exceeded those that occurred near the end of the Proterozoic eon, which spanned the time from 2.5 billion to 541 million years ago. A supercontinent broke apart and then began to reassemble; ice ages twice whitened the planet from pole to Equator; and redox conditions underwent a fundamental shift. Amid all of this, animals large enough to be visible to the eye arrived on the scene, among them the bilaterians, which are symmetrical along their front-to-back axis, have complex organs and overwhelmingly represent present-day animal diversity.
Scientists have long viewed these developments as being intertwined, but the timing of key events and the mechanisms of interaction remain contentious. Resolving these debated points will require geologists to precisely date events documented in the rock record, and biologists to articulate mechanisms that illuminate the relationship between life and the surrounding physical environment. On page 578, Brocks et al.
1 make a substantial contribution to both, reorienting discussions of early animal evolution.
Brocks and colleagues focused initially on primary producers -organisms that fix carbon dioxide into sugar, generating the organic compounds needed to sustain life throughout ecosystems. The authors meticulously analysed a large collection of organic-carbon-rich sedimentary rocks from the Neoproterozoic
